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By L. R. Jackson and H. J. Grover 


SUMMARY 

This reoort suggests a method whereby information on 
the strength under repeated stresses of aircraft materials 
or structural parts can be used in conjunction with infor- 
mation on service loadings as a means of comparing alterna- 
tive designs. The method has been developed around infor- 
mation on repeated loading in service caused by gusts, be- 
cause there are, at present, more data available on loads 
from this source. 

The method of analysis is flexible enough that infor- 
mation on repeated loadings from other sources than gusts 
can be added whenever such data become available, 

Using the method developed, a number of specific 
examples have been worked out illustrating the comnarative 
life of various tynes of aircraft joints. The examnles also 
provide information as to the range in gust velocity re- 
sponsible for the most damage to the joints. 

INTRCDUC T T 0 N 

The tendency toward higher wing loading and lower load 
factors for large aircraft has made it important to find out 
whether this design trend might result in some failures from 
fatigue. 

This report combines available flight data with in- 
formation on the fatigue strength of aircraft structural 
elements to illustrate what can be done with present in- 
formation to predict the life of aircraft elements under the 
types of repeated stresses which result from gusts. 
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The report is divided into four sections. 

The first section discusses relations between gust velo- 
city, load factors, and Stresses in aircraft elements. 

The second section discusses those sections of Rhode 
and Donely’s recent report (reference l) on the "Frequency 
of Occurrence of Atmospheric Gusts and of Related Loads on 
Airplane Structures" that pertain to this analysis. 

The third section discusses available information on the 
fatigue strength of some aircraft structural elements made 
from 24 s-T Alclad and IJS-T. 

The fourth section presents a method of combining the 
gust data with the information on fatigue strength to pre- 
dict the life of structural elements in aircraft. 

This investigation, conducted at the Battelle Memorial 
Inst it u t e , was sponsored by and conducted with the financial 
assistance of the National Advisory Committee for Aeronautics 

- I. RELATIONS BETWEEN GUST TELOCITY, LOAD 
FACTORS, AND STRESSES IN AIRCRAFT ELEMENTS 

In order to apply fatigue data to the effect of gusts 
on airplanes, it is necessary to define the conditions under 
which the application is made. 

A loaded airplane when in straight, level flight in 
still air is defined as operating under a load factor of 
1 in' g units ." 

For some time, the design criterion for airplanes has 
been that they shall be able to withstand the acceleration 
produced by a. jO-f oo t-per-s ec ond gust without a permanent 
set being produced, and a load 1 , 5 . times as great, without 
failure . 

The first step in applying these criteria to fatigu-e 
data is to determine the increment in load factor produced 
by a gust of any given magnitude. 
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Considering the airplane as a rigid "body, the relation 
between gust velocity and increment in acceleration can be 
expressed by the equation; 


An = K 1 U e 


( 1 ) 


where An is the increment in load factor (or acceleration 
in g units) and U e is the effective gust velocity in feel 
per second. The factor K x is a f unot ion of the design of 
the airplane and the airspeed at which the airplane encounter 
the gust U e . 


For conditions of straight, level flight the factor K x 
is given by the equation? 


*1 


o 0 akV e 

2 W 
S 


( 2 ) 


(See reference 1, p. 4.) 


In this equation p 0 is the mass density of air at sea 
level = 0,002372 slugs per cubic foot. The term K is terme 
by Rhode and Donely (reference 1, p * 4) the "relative alle- 
viation factor* and allows for the relative mass effect on 
the response of the airplane to a gust. Figure 1 (reference 
l) shows the variation in this factor with wing loading. 

The term Ye is the equivalent air sp°ed, indicated air- 
speed corrected for installation and instrument errors in 
feet per second; | is the wing loading in pounds per square 
foot; W is the weight of the airplane in pounds; and S 
is the effective wing area in square feet; a is the slope 
of the lift curve per radian. 

On substituting ( 2 ) in (l). the relation 

?Hak 

An = 2^— TeU e (3) 

s 

is obtained. 


On inspection of this relation, it is to be noted that 
the increment of load factor produced by a given gust is 
not only a function of the design of the airplane, but is 
also to some extent under the control of the pilot. That is, 
the pilot may mitigate the effect of large gusts by reducing 
the airspeed, limited, of course, by controllability. 


V 
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In order, to make the appli cat ion of equation ( 3 ) to 
gust and fatigue data quantitative, some values for a hypo- 
thetical plane will he substituted in ( 3 ). 

It will he assumed that: 

1 , The wing loading W/s is 25 pounds per square foot. 

(See reference 2, fig. 7-) 

2 , The K value corresponding to this (fig. 1, 

reference 1 ) is 1 . 11 . 

3* The slope of the lift curve is 4.7. (roughly an 
average value for airplanes of this size). 

4. The cruising speed is 220 miles per hour or 3^3 
feet per second (reference 2, fig. 1). If 
these values are used, ( 3 ) becomes 

An = O.O 715 U e (4) 

The "load factor" for this hypothetical airplane at any 
given gust velocity is given by the relation 

n = 1 + An 

= 1 + 0,0715 u e (5) 

The limit load factor, as noted, is reached when U e 

“becomes30^ ee ^ T)9rsecon ^* or 

n L = 1 + 0.0715 x 70 = 3.14 

and the ultimate load factor (defined as 1.5 times the limit 
load factor) will be 4,71. 

Thus, the gust velocity which will just develop the 
ultimate load factor will be: 

a - 1 4.71 - 1 

U e = • U ~- = • ...... = 51 . g feet per second 

0.0715 O.O 715 

and is considered to be applied at the center of gravity of 
the airplane. 
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It should he understood that the acceleration (and ther 
by the load factor) -produced by a gust as commuted above 
applies to the state of af. fairs at the center of gravity of 
the airplane. Individual parts of the airframe may have an 
acceleration different from that given hy (3) for a given 
gusto Thus » in applying the analysis given in this report 
to detailed design, the designer should use the relation 
between gust velocity and acceleration pertaining to the 
part under consideration. 

Relation between Load Factor and Stress 

The next step in applying gust data to the fatigue 
problem is to develop a relation between load factor and 
stress. 


In some cases, and particularly where redundant struc- 
tures are involved, the stress at a given location in an air- 
frame will not be directly proportional to the acceleration 
(or load factor) as computed; also ; at different locations 
in the same airplane the relation between these two quanti- 
ties may vary. Thus, for detailed design, the designer would 
need to know the exact relation between stress and accelera- 
tion for the part under consideration; however, for the pur- 
pose of illustration in this report it will be assumed that 
the equation relating stress and load factor is 

a = K g n (6) 

where K s is a constant and n is the load factor as given 

ty (5). 

For the purpose of this report the necessity for develop 
ing a method of evaluating K 2 can be avoided by the follow- 
ing expedient. 

Let °\ilt ultimate strength of the part under- 

consideration, This stress value will be reached when 
n = n-^t and the percent of ultimate strength produced by 
any load factor is given by 

"O 

F = percent of ultimate strength = "ault x ^0 

K a n n / v 

= x 100 = X 100 ( 7 ) 

K a n ult n ult 


* 


«* 
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By means of equations ( 3 ) and (]), and the design 
criterion (that limit load is ■produced "by a 30 -f 00 t-n er " 
second gust , and the ultimate load factor is 1-5 times the 
limit loa.d factor) it is possible to commote the state of 
stress at any part In the wing structure in terms of the 
ultimate static strength of that part, 

2, DISCUSSION OF GUST DATA 

Rhode and Donely (reference l) recently hare -published 
a compilation of flight data which they have used to develop 
some representative summation curves of the relative fre- 
quency of occurrence of atmosuheric gusts. The information 
from reference 1 uertinent to this report is discussed below. 

Summation Curves 

Figure 1 (fig. 7 of reference l) shows the summation 
curves developed by Rhode and Donely, The two curves A and 
B represent, respectively,, the approximate upper and lower 
limits of the data available to them. The significance of 
points on these curves is given by the following illustration 
Point ii a" on curve A indicates that out of 1,000,000 gusts 
there will be 3200 up gusts and T200 down gusts having a 
velocity greater than 10 feet per second and 4a6,800 up gustr 
and 496,800 down gusts having a velocity less than 10 feet 
per second. It is to be noted that the data examined by 
Rhode and Donely indicate that there are an equal number of 
up and down gusts. 

Note, also, that curve £. stops at a gust velocity of 
+ 4o feet per second. The s igni f ica.nc e of this is that gusts 
having a velocity greater than .this value are so ^infrequent 
that the shape of the curve cannot b 0 established on the bas. 
of available data. 

While summation curves such as those shown in figure 1 
could be used directly, if fatigue information were complete 
enough, there are a number of practical reasons why it is 
more desirable to divide the summation curve into steps in 
which gusts within a given internal are lumped together; so 
the next step in relating gust and fatigue data is to chose 
a prorer value for the gust class' interval. The choice shoul 
satisfy the following requirements. 

1. It should be large enough that the number of steps 
needed to approximate the summation curve can be reasonably 
reproduced in the laboratory. 



2» It should "be small enough that lifetimes predicted 
from its use are not too far different from those Predicted 
by the summation curves themselves. 

In analyzing data prior to the construction of summatioi 
curves, Rhode and Donely used a gust class interval of 4,5 
feet per second... The use of this interval divides the range 
in g\isfc velocity into 10 classes, which is a reasonable 
number as far as laboratory procedures are involved. As a 
first approximation, this int erva.l was used in this report. 

A number of cases also were worked out for a gust class 
interval of 2 feet per second in ord a r to find out whether 
a narrower class interval was necessary. It was found that 
the lifetimes predicted by the use of the 4 . 5 -f 0 0 t-per- 
second class interval differed from those predicted by the 
2-f oot-p er~second class interval by less than 20 percent 
and in all cases were conservative - that is, the larger clas 
interval predicted a shorter lifetime. 

As will be shown later, the variation in lifetime pro- 
duced hy using the lower limit of Rhode and Donely 1 s data 
(see fig,. 1) instead of the upper limit is very much larger 
t han 20 percent. 

In view of this fact it does not seem unreasonable to 
use an approximation to the upper limit of Rhode and Donely’ s 
summation curves as a means of comparing the lifetimes of 
various structures. 

The approximate gust frequency diagram which is used for 
this report is illustrated in figure 2. It is to be noted 
that the gust class interval is 4,5 feet per second, and that 
each class interval is characterized by the gust velocity, 
at the midpoint of that interval. 

Distribution of Up and Down Gusts 

The data examined by Rhode and Donely led them to the 
conclusion that there are about an equal number of up and 
down gusts; however, it is not yet possible to make a general 
statement as to the sequence of these gusts. That is, 
questions, such as 

1, Is an up gust generally followed by a down gust? 

2. Do large gusts generally occur together? 
and so forth, cannot yet be answered with certainty. 

It is not possible to develop a relation between the 
information on gusts and fatigue data without some knowledge 
as to the sequence of the gusts. Conversation with members 
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of the MAC A and others who have examined a great many accel r 
cmeter records leads to the conclusion that it is more like! 
that an up gust is followed hy a down gust than for two up o 
two down gusts to occur together. On this basis, it has bee- 
assumed for the -purpose of this report that up gusts are al- 
ways followed by down gusts of eaua.1 magnitude. Figure 3 
shews schematically two possible interpretations of gusts 
records. Figure 3 ^ shows the type chosen for use in com- 
putation in this report. The type of gust sequence distribu- 
tion chosen is equivalent to assuming that the increments 
in load factor are distributed around lg loading as a mean 
value. In view of the fact that in some cases several up or 
down gusts may occur together, the assumption made a.s a basis 
for computation is a conservative one. 

Minor Gusts 

The gust data discussed so far are what Rhode and.Donel’ 
term or gusts," Superimposed on this major gust pattern 

is a pattern of minor gusts. There is not so much known 
about these superimposed gusts; however, there is enough 
known to allow them to be used in computations. * 

Rhode and Donely (reference 1, p, 19 ) state that there 
are about twice as many of these minor gusts as major ones. 

They also state that, while a few of these minor gusts were 
as large as 4.5 feet per second, the great majority were in 
the order of 0,3 fs®t per second. 

For the purpose of this report the following assumption; 
will be made regarding the minor gusts. 

1. All minor gusts have a velocity of 2 feet per second. 

This assumption is conservative, since Rhode and Donely stats 
that the great majority have a velocity in the order of 0,3 
feet per second and only a few are as large as 4,5 feet par 
second. 

2. All minor gusts occur at the peaks of major gusts. 

This assumption obviously is conservative because, since 
peaks were counted, actually no minor gusts had peaks higher 
than the major gusts, 

3. All the minor gusts are associated with the most 

damaging type of gust (that is, all minor gusts are associ- 
ated with either up gusts or down gusts) and there are twice ^ 

as many minor gusts as major gusts, or four times the num- 
ber of pairs of major gusts. 
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This last assumption facilitates the use of available 
fatigue information. Figure 4 illustrates schematically 
the picture of minor gusts used as a basis for computation 
in this report. 

The three foregoing assumptions for minor gusts obvi- 
ously exaggerate their importance. This exaggeration is 
deliberate because, as will be shown later, even with this 
overemphasis on the severity of these gusts they contribute 
very little to shortening the lifetime of materials. 

Number of Ousts per Mile of Operation 

The preceding discussion gives the probable di s tribut ior 
in magnitude of gusts which might be encountered over a long 
period of time. In order to translate this information into 
service life of an airplane, it is necessary to know how 
often gusts are encountered. Rhode and Lonely assumed that 
two cases should be considered - an airplane flying in 
turbulent air and one flying in still air. They define a 
term "path ratio" as the ratio of the length of path in 
turbulent air to the total length of pa.th. Examination of 
data from widely separated sources indicated that this path 
ratio might vary from 0.005 to 0 C ?4 with an average value 
of about 0.10. 


The number of gusts encountered per mile of turbulent 
air depends on the size of the airplane, Rhode and Lonely 
show that in turbulent air an airplane on the average en- 
counters a gust every 11 chord lengths. For an airplane 
having a 10-foot mean chord this will amount to 4 g gusts par 
mile. On the basis of the above, the total number of gusts 
per mile of operation (F) can be computed by the equation 


F 


UgOr 

c 


( 8 ) 


when r is the path ratio as defined and c is the mean 
wing chord, in feet, for the airplane under consideration. 


3. DISCUSSION OF LATA ON THE FATIGUE STRENGTH 
OF SOME AIRFRAME ELEMENTS 


Conventional fatigue data are presented by means of what 
are called S - N curves, A point on such a curve represent 
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the number of cycles a part ' can endure of a stress cycle S. 

There are many ways of designating this stress cycle. 

For example, S may represent the maximum stress in a cycle 
which extends from +S to -S, or it may represent a cycle 
having a maximum value S x end a minimum value S 2 , or it 
may have other meanings. The curves also may have different 
meanings,. That is, the points on a curve may represent a 
condition where the mean stress in the cycle is kept con- 
stant, or they may be drawn for the case where the ratio of 
minimum to maximum stress is kept constant, or other typ°s 
of curves may be used by individual investigators. Thus, 
in using fatigue test data, it is necessary to know just what 
is meant by the curves. 

In general, there is no hard and fast relation between 
the fatigue strength of a part and its static strength. In 
most cases, the static failure is accompanied by seme duc- 
tility, while the fatigue failure is not. In a part such as 
a riveted joint for example, the static failure may be shear 
failure in the rivets, while the fatigue failure may be by 
cracks in the sheet between rivets; so the type of static 
failure may have no apparent relation to the type of fatigue 
failure in the same part and may not be even in the same lo- 
cation. Nevertheless , for the purpose of this report it is 
convenient to express fatigue behavior in terms of static 
strength , 

In many cases data are available which show that under 
a given static load an airframe part will fail by buckling, 
tearing, or some other form of catastrophic failure. The 
addition of fatigue data to the static-data would provide in- 
formation as to how many times the part under consideration 
could survive the repetition of a stress smaller than the one 
producing static failure without failing in fatigue. While 
it is always desirable to be able to express the load at 
failure in terms of the stress at the location of the failure 
it is not always practicable to do this, particularly with 
redundant structures. However, if the fatigue strength unde 1 : 
a given loading cycle is expressed as a percentage of the 
load for ultimate static failure it is Possible, by means of 
the scheme which will be outlined, to obtain some idea as to 
the lifetime of the structure under repeated loads without 
a detailed knowledge of the exact stress situation at every 
point . 
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Most of the laboratory fatigue information at present 
available, which is directly applicable to airframe struc- 
tures, is in the form of so-called R curves (see reference 
2, p . 6 ) . These curves constitute a family in which the 
maximum algebraic stress in a repeated stress cycle is plott 
against lifetime. Each curve of the family represents a 
different constant ratio of minimum to maximum stress. fig- 
ures 5 ftnd- 6 illustrate such families of curves on two widel: 
different types of lap joint in aluminum sheet. In both of 

these the stress cycle applied was a direct stress; that is, 

no bending stresses were deliberately applied. These curves 
were plotted in terms of ultimate static strength as were 
suggested. In establishing curves of this type, it is gen- 
eral experience that a number of points are required, and 
there is invariably some scatter in results, so the curves 
really represent the center of scatter bands. Actual points 
are shown in figure 5 to illustrate the amount of scatter 
* expected. In complex structures the scatter may be more thar 

indi cated here. In view of the fact that obtaining data of 

this type is time consuming, most data available represent 
v few R curves and in most cases the curves do not extend be- 

.yond 10,000,000 cycles. 

In order to combine the gust and fatigue data, it is 
necessary to interpolate between R curves and also to ex- 
tend data beyond 10,000,0 00 cycles. Based on experience 
with this type of data some rules for extrapolation and inte^ 
polation have been evolved which, it is believed, will pro- 
duce results which are close to values that would be obtaine* 
from actual measurements and which are ’’conservative, 11 That 
is, the use of these rules should not lead to unsafe struc- 
tures , 

One of the considerations in formulating these rules wa 
provided by the convention discussed above,. that up and down 
gust loadings are grouped around a mean load. The adoption 
of this convention leads to the conclusion that it would be 
desirable to have the fatigue data in terms of constant mean 
curves instead of the constant R type. Accordingly, the 
rules have been made convenient to obtain these constant mean 
curves * 

The steps involved are: 

1. Replot the data from constant ‘R curves, such as 
that in figures 5 and 6, in terms of maximum versus mean load 
for constant lifetime. Figures 7 » Q * 10, 11, 12, and 13 
illustrate curves of this type for different types of struc- 
tures, For convenience in plotting these curves from the 
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R curve data* lines of constant R are plotted on the maxi- 
mum load-mean load diagram. These lines are obtained from 
the eguat ion 

mea n lead = R + 1 ( o ) 

maximum load 2 

On examining figures 7 to 13 3 it will be noted that 
the curves of constant lifetime are practically straight 
lines for ratios of from C . 25 to 0.75» an & in- figures 8 and 
13 , where data on low values of R were obtained, this 
linearity extends fairly well throughout the entire range 
in So Furthermore, it will be noted from figures 8 and 13 
that 9 if it is assumed that this relation is linear f stress 
values at low and negative values ef R are cons ervat i ve . 

On this basis, the method used to find fatigue strengths at 
R values, other than those for which there are actual data, 
is to draw straight lines through the points available and 
extend these to low values of R, The curves in figures 7 
to 13 can be used to construct S - N curves for constant 
mean stress. Figure l4 shows a series of such curves plotted 
for a constant mean load of 21.2 percent of the ultimate 
strength. This value was chosen to fit with the illustrative 
example on gust loading given earlier in the report. 

2 . As was noted above, available fatigue data rarely 
extends to greater than 10 , 000,000 cycles. Some help in 

extending the constant mean curves to lifetimes longer than 
10 , 000,000 cycles is obtained from figure l4. It will be 
noted that at 10 2 * * * * 7 cycles the ^constant mean" curves in 
figure l4 do not lie far above a stress value 21.2 percent 
of the ultimate strength. At 21,2 percent of the ultimate 

strength the lifetime should be infinite because this repre- 

sents steady stress* From this fact, the slope of the 

extrapolated curve can be located within fairly close limits, 
furthermore, from data such as those of reference 3« which 
extend to over 100,000,000 cycles, it is seen that if the 

slope of the fatigue curve at 10 7 cycles is prolonged it 
will lie under the actual curve and will, therefore, be 
conservative. On these bases the method of extrapolating 
to long lifetimes used in this report is to extend the 

constant mean curve using roughly the slope at 10 7 * * * cycles, 
making the curve intersect the point where the mean load 

equals the maximum load at 10 12 cycles. By using this 

method, it is believed that the extrapolated curve will be 

close to, but somewhat under, the curve which would be ob- 

tained by actual measurement. 
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Fatigue Damage 

Points on the fatigue curves .just described were ottainr 
by repeating a given stress cycle; however, in service, a 
part will be subjected to an irregular series of stress cycle 
It is, therefore, important to know how much repeated load- 
ing at one stress cycle will affect the lifetime at another 
stress cycle, or in ether words, how much damage i3 produced 
by a given stress cycle repeated !f n fr times. 

There are not enough data available to allow this quan- 
tity to be handled precisely; however, there is enough known 
about damage in general to allow rules to be developed which 
will usually predict the effect of damage within the scatter 
band surrounding fatigue curves, and which in any case will 
lead to safe design. 

The most careful work on fatigue damage has been done on 
steels; however, there has been some work on other metals. 
(See reference 4 , p. lgg-200.) 

From this work the following general statements can be 
made regarding fatigue damage: 

1. Repeated cycles of low stress usually ha.ve a strength 
ening effect. This is especially true with steels where the 
stress cycle is under the endurance limit; however, it is 
also true for nonferrous alloys up to a certain number of 
cycles . 

While cycles of high stress are in general damaging, 
a certain number of these can be repeated without appreciably 
altering the number of cycles that can be endured at a lower 
stress level. 

From the above it can be seen that repeated stresses 
can be both damaging and strengthening. 

Recently, Miner (reference 5 ) has suggested a scheme 
whereby the effect of damage esn be estimated quite closely 
at least for 24s~T Alclad. 

His scheme is based on the assumption that every cycle 
at any stress produces some damage and that the damage pro- 
duced by any stress cycle is proportional to the lifetime 
at that stress. 

Thus, the life of a part under a stress spectrum can be 
computed from the equation 
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• where n 1 is the number 

of cycles at stress cycle 

S, having 

a potential life of H 1 

cycles. 



There are two unconservative aspects to this as sumpt ion . 

l y It ignores the possibility that the damage may be 
greater for some stress cycles than would be predicted from 
direct proportionality* 

2 < Brueggemarij Mayer, and Smith (reference 6) have showi 
that the lifetime under a simple stress spectrum consisting 
of one series of high stresses and one series of low stresses 
depends on whether the high stress cycles or low stress cycle 
are applied first. 

These unconservative aspects are, however, more than 
balanced by the following conservative factors. 

1 „ The scheme attributes some damage to all stress 
cycles, whereas, the facts are that a certain number of 
cycles at any stress can be applied without producing apurec' 
able damage. 

2, St rengthening from under stressing is ignored. Since- 
most of the stress cycles applied in service are at a low 
stress level, this factor is quite conservative. 

3. While the findings of Brueggeman, Mayer, and Smith 
are correct when the high and low stress levels are sharply 
segregated, in service where high and low stresses are 
alternated the effect should be greatly minimized. 

The usefulness of- the scheme proposed by Miner has been 
checked exp erimentally both at the laboratories of the Dougla 
Aircraft Gon.v?iny t Inc. (reference 5 ) and at Battelle. At 
both places lifetimes predicted from equation Cl 0) are within 
the scatter band for measured lifetimes for all cases tried 
so far, 


4. TEE COMBINATION OF GUST AND FATIGUE DATA 

A number of cases have been worked out illustrating how 
gust and fatigue data can be combined. These examples have 
been based on the following factors; 
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1. In all cases examples have "been worked out using: the 
gust distribution curve shown in figure 2, In this figure 
the class interval is 4„5 feet per second. This distributio 
is based on the upper limit of Rhode and Donely ' s data. 

2. Several cases are computed using a gust class inter- 
val of 2 feet per second to show that this interval predicts 
somewhat longer lifetimes and is, t her ef or e , , 1 6ss con- 
servative than the 4 , 5-f oot-ner-s econd interval. 

3. A case has been worked out using the lower limit of 
Rhode and Donely’s data and a 4 , 5-f 0 ot-u sr-s eco nd gust class 
interval. This case shows how much longer lifetimes are pre 
dieted from the use of their lower- limit. 

4. In all cases it is assumed that up and down incre- 
ments in load factor are grouped around a g load as a 
mean value. The idealized shape of the major gust curve 
used is shown in figure 34. 

5* Several cases for widely different types of struc- 
tural elements have been worked out showing the effect of 
minor gusts. The idealized shape of the minor gust pattern 
is shown in figure 4. 

60 The airplane used for illustration is assumed to 
have the following characteristics: 

(a) It is designed for limit load at a 30-foot-per- 

s econd gus t . 

(b) It has a cruising speed of 220 miles per hour. 

(c) It has a limit load factor of 3 • l4 and an ultimate 

load factor of 4,71. 

(d) At a load factor of lg (zero gust velocity) the 

stress in a part under consideration is 21.2 per 

cent of its ultimate strength (100/4.71), 

7. In order to reduce the lifetime in gusts to miles or 
hours of operation it is assumed that the mean wing chord is 
11 feet and the path ratio is 0.1. 

8. The fatigue curves used for confutations are shown 
in figure l4. 

Tables 3» ^ . 6, 7. 8. 9. 11, and 12 show the effect of 
major gusts comnuted in various ways. In these tables the 
various columns have the following significance: 
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Column 1 is the gust frequency distribution taken eithe 
from figure 2 , which is based on a class interval of 4 . 5 f e - 
per second or on a basis of 2 feet per second; the interval 
used is designated as the caption of the table. The numbers 
in this column are based on a total of 1 , 000,000 gusts. 


Colum n 2 is the magnitude of the gust velocity at the 
midpoint of the interval. 

C olu mn 5 is the load factor in "g" units associated 
with the gust velocities in column 2 as computed by equation 

(5). 

Column 4 is the maximum load in percent of ultimate 
strength associated with the load factors in column 3 as 
computed from equation (7)« 


Cobunn^Jj is the potential lifetime in cycles associated 
with the maximum loads in column 4 when the mean load is 
21*2 percent of the ultimate strength. These values are 
obtained from the appropriate fatigue curve in figure ' l4 , 


Column 6 contains numbers which are the ratio of values 
in column 1 to those in column 5 expressed in percent. The 
figures in this column represent the amount of life exhausted 
by the number of gusts in a given class interval. The sum 
of all numbers in column 6 is the percentage of lifetime 
exhausted by 1,000,000 gusts having magnitude-frequency dis- 
tribution shown in columns 1 and 2. 


The life in miles associated with major gusts is com- 
puted from the equation 


Life in miles 


__j.00 1000000 

sum of col. 6 F ■ 


(id 


where F is computed by equation (?), using a path ratio of 
0,1 and a mean chord of 11,0 feet, F is 4,37- 

Tables 5 and 10 show the effect of minor gusts on two 
widely different types of lap joint. 

In these tables the various columns have the following 
signif icance , 


C 0 lumn 1 is computed by multiplying the number of pairs 
of gusts in each class interval (fig* 2) by 4 „ 

Column 2 is computed by adding 1 foot per second to the 
gust velocity representing each class interval. (S°e fig. 4. 
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Column 3 computed from column 2 "by means of equation 

(5). 

Column 4 is the mean value for minor gusts and is the 
same as the maximum value for major gusts, (See col. 3 of 
tables 1 , and etc.) 

Column 5 "the lifetime associated with the maximum 
loads as given in column 3 sncL the mean loads as given in 
column 4. These lifetimes are read from curves constructed 
with the use of figures 7 and 13 and using the rules of 
extrapolation discussed above. 

Column 6 contains values in column 1 divided "by those 
in column- 5 expressed as percent of total life. 

The sum of values in column 6 is to "be added to the 
similar value as obtained in tables 1 , -3, 4, 6, 7, 8, 9, 11, 
and 12 to determine the lifetime exhausted by both major and 
minor gusts for 1,000,000 major gusts. 

DISCUSSION OF RESULTS 

In tables 1 to 12, lifetimes have been computed for a 
series of structural elements having widely different proper- 
ties according to rules developed in this report.. 

These computations show both the limitations and the 
possibilities of the proposed scheme regarding the appli- 
cation of gust frequency data to fatigue information. 

In order to utilize the fatigue data available it was 
necessary to deviate to some extent from recognized design 
practices. It is usual in design to compute skin stresses 
and- then to make the joints strong enough to withstand these 
stresses whatever they may be. When this method is used, the 
joint may or may not be critical. The joints on which there 
were suitable data were not designed to develop maximum 
stresses in the sheet under the loading conditions used; 
therefore, all of the computations were made in terms of 
joint strength rather than sheet strength. By expressing 
all strengths in terms of percent of. ultimate strength, how- 
ever, the treatment has been made nonspecific as to just 
where failure must occur; therefore, the same principles used 
here could be made to apply to any design situation. 
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While the computations show that for various reasons, 
which will he listed below , it is not possible, at present, 
to predict unequivocally the life of a part in a given air- 
plane, it is possible to obtain information about the relati 
lifetime of alternate designs, and there are certain other 
conclusions which appear to be reasonably secure regardless 
of future additions of information. Some conclusions based 
on the computations given in tables 1 to 12 are: 

1 * The major effect on lifetime in all lap joints is 
produced by gusts in the range from 4,5 to 9 feet per second; 
on sheet material the range is from 4*5 to 13*5 feet per 
second. 


2 0 In all cases computed, gusts having a velocity greate 
than 26 feet per second have a negligible effect on lifetime 
barring, of course, gusts large enough to fail the structure 
s tat icall y . 

3c Tables 5 an ^ 10 show that for widely different types 
of lap joints minor gusts have very little effect on life- 
time. This result is obtained in spite of the fact that the 
magnitude of minor gusts was exaggerated. 

4, As was mentioned above, customary design procedure 
attempts to develop maximum allowable sheet stresses* For 
one row of rivets, spaced 3 /4 inch in 0.040 24S-T Alclad 
sheet, the static ultimate strength of the joint is reached 
when the stress in the sheet is only 23»100 psi. When this 
joint is operating at a load factor of 4,71 it will have a 
lifetime computed by the methods developed here of 19 , 3 ^ 
hours, (See table 1.) If the number of rivets is doubled 
by inserting a second row, the stress in the sheet will be 
4g ,200 psi when the joint is. at its ultimate strength, a 
value more than double that obtained for a single row of 
rivets. However, if the joint containing two rows of rivets 
is subjected to the gust stress cycle at the same percentage 
of its ultimate strength its lifetime will be only 3^4(3 
hours. (See table 6.) Thus, while doubling the number of 
rivets will doubl Q the strength of the joint as judged by 
static tests, the stronger joint will not last so long when 
operated at the new strength level. Tables 7 • 9> and H show 
that this same state of affairs applies to one and two rows 
of spot welds; however, the particular joint having three row 
of spot welds investigated can operate at full strength and 
will have a life even longer than the single row joint opera- 
ting at an equivalent strength level. 
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Many of the uncertainties in predicting the lifetime of 
airframe parts originate with the flight data. The most im- 
portant sources of unc ert aint i t y can "be summarized as follows 

1« The data examined. by Rhode and Donely do not lead to 
a definite gust magnitude-frequency dis trihut i on « They, 
therefore, report two distribution curves r enr es ent i ng the 
upper and lower limits of the data available. to them. On 
comparing the data in table 1 (computed from curve A, fig, 
l) with that in table 2 (computed from curve B, fig. l) it 
is seen that the predicted life depends on whether the upper 
or the lower limit of Rhode and Donely data is used as a 
basis for computation. It is possible that as more data are 
accumulated this situation will be improved; however, it will 
probably never be possible to develop a universally applicabl 
distribution curve <, 

2* One of the most important gaps in present information 
is the lack of knowledge of the sequence of up and down gusts 
In this report it has been assumed that they are grouped in 
such a manner that the. mean load factor can be considered to, 
be lg» This assumption is a conservative one and may be too 
cons ervat ive. 

3 , It has been assumed that the acceleration at the cen- 
ter of gravity of an airplane is directly proportional to the 
gust velocity (equation ( 1 ) ) ; however acceleration at other 
locations may not be directly proportional, and the functiona 
relationship may be different in different airplanes. This 
same argument applies to the relation between acceleration 
and stress at any location in an airplane. In this report it 
has been assumed that both relations are linear; however,; as 
more accurate information becomes available the methods de- 
veloped in this report can be applied to any type of function? 
relationship by merely substituting the true value of stress 
associated with each gust velocity instead of the val^e pre- 
dicted on the basis of direct proportionality. 

CONCLUDING REMARKS 

Since the examples in this report were confined to effec 45 
resulting from gust loading, they apply only to the wing struc 
ture of an airplane. Tail structures, landing gear, and so 
forth, are also subjected to . repeated loads; however, these 
usually result from other sources than gusts. Nevertheless, 
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whenever the repeated load history of any part is known, it 
should be possible to apply the seme method of analysis used 
here. 

In providing the link between load history and fatigue 
data, the most important factor is the assumption used for 
estimating damage from repeated loads. The one used in this 
report was proposed by Miner. This assumption is open to 
criticism, and it is possible to demonstrate that, under 
certain specific loading cycles, it is not correct. (See 
reference 7 =) The sequence of loading cycles, under which 
Miner's proposal does not hold for steels at least, is one 
in which all high loads are separated from all low loads. 
Since in service loading the loads are mixed, it seems 
possible that his proposal will hold much more closely for 
service loading than for idealized load sequences. 

As noted in the report, Miner's proposal has already 
received some experimental verification for mixed loadings; 
however, in view of the importance of this assumption, it 
should receive further experimental study. 


Battelle Memorial Institute, 

Columbus, Ohio, May 15s 19^5* 
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TABLE 1 


Life Data on Lap Joint Using One Row of AN426AD-5 Rivets in .040 - 24ST 
Alclad Sheet. Static Ultimate Strength as Measured * 693 Lbs. /Rivet. 

See Figures 5, 7, and 14 for Data on Fatigue Strength, Computed For Gust 
Class Interval of 4.5 Ft./Seo* 


Frequency 
of Occurrence 
In 1,000,000 Gusts 


435,000 

54,000 

5,000 

500 

50 

5 

1 

.3 

.1 

.03 


2 

Mean 

U a 


3 

Load 


11.25 


33.75 

38.25 


4 

Max. 
Load in 


Factor, n 

j fo of Ult* 1 Cycles 

1.161 

24.6 

> 10 8 

1.484 

31.5 

2.0 x 10® 

1.805 

38.4 

3.0 x 10 5 

2.125 

45.2 

1.0 x 10 5 

2.45 

52.0 

4.5 x 10 4 

2.77 

58.8 

2.0 x 10 4 

3.09 

65.5 

9.5 x 10 3 

3.41 

72.4 

4.2 x 10 3 

3.74 

j 

79.5 

I 

2.0 x 10 3 

4.06 

86.2 

8,5 x 10 2 


6 

% 

of Life 


.435 

2.70 

1.67 

.50 

.111 

.025 

.0105 

.0071 

.0050 

.0035 


Sum of Col. 6 
Life 


5.467$ life used in 10® gusts 
18.3 x 10® gusts 

4.25 x 10® miles (See equation 11) 
19300 hours at 220 miles/hr. 
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TABLE 2 

Life Data on Lap Joint Using One Row of AN426AD-6 Rivets in .040 24ST 
Alclad Sheet. 

Computations Similar to Those in Table 1 Except That Lower Limit of Gust- 
Frequency Data (See Fig. 1) Has Been Used as a Basis For Computation 
Gust Class Interval 4.5 Ft./Seo. 


1 

2 

3 

Frequency 

Mean 

Load 

of Occurrence 

U 9/ 

Factor, 

In 1, 000, 000 Gusts 

Ft./Sec, 

n 

488,000 

2.25 

1.161 

11,000 

6.75 

1.484 

850 

11.25 

1.805 

48 

15.75 

2.125 

6 

20.25 

2.45 

1 

24.75 

2.77 

.2 

29.25 

3.09 

.06 

33.76 

3.41 

.02 

38«25 

3.74 

.01 

42.75 

4.06 



24.6 

3i.5 

38.4 

45.2 
52.0 
58.8 

65.5 

72.4 

79.5 

86.2 


2.0 x 10 6 

3.0 x 10 6 

1.0 x 10 5 

4.5 x 10* 

2.0 x 10 4 

9.5 x 10 s 
4.2 x 10 3 
2.0 x 10 3 

8.5 x 10 2 


% of 
Life 


.488 
•550 
.280 
•048 
•013 
•005 
.002 
•0014 
• 001 
•001 


Sum of Col. 6 * 1.39^5 of life in 10® gusts 
Life - x 10® - 72 x 10® gusts 

“ 16.5 x 10® miles (See equation 11) 
■ 75000 hours at 220 m.p.h. 









34 


NACA ABB Vo. 5H27 


t 

'sO 
*V 

TABLE 3 

Life Data on Lap Joint Using One Row of AN426AD-5 Rivets Spaced 3/4" In 
.040-24ST Alclad Sheet. Static Ultimate Strength as Measured • 693 Lbs. 

Rivet. See Figures 5, 7, and 14 For Fatigue Strength Data. Computation 
For Gust Class Interval of 2 Ft. Sec. See Table 1 for Computation on 
Gust Class Interval of 4.5 Ft./Sec. 


1 

2 

3 

4 

5 

6 

Frequency of 


Load 

Max. 


% 

Occurrence In 


Factor, 

Load In 

N 

of 

1,000,000 Gusts 

S©c# 

n 

& of Ult. 

Cycles 

Life 

295,000 

i 

1.071 

22.8 

10 9 

.029 

125,000 

3 

1.214 

25.8 

7 x 10 7 

.178 

50,000 

5 

1.358 

28.8 

6 x 10® 

.832 

21,000 

7 

1.500 

31.8 

1.5 x 10® 

1.400 

5,820 

9 

1.642 

34.8 

6 x 10® 

.970 

2,100 

11 

1.785 

37.8 

3.4 x 10® 

.6188 

690 

13 

1.930 

40.9 

2.0 x 10® 

.346 

270 

15 

2.07 

44.0 

1.03 x 10® 

.262 

88 

17 

2.21 

46.8 

9 x 10 4 

•098 

32 

19 

2.36 

50.0 

5.6 x 10 4 

.057 

11.7 

21 

2.50 

53.0 

3.8 x 10 4 

•042 

4.3 

23 

2.64 

56.0 

2.8 x 10 4 

.0153 

2.1 

25 

2.79 

59.2 

1.8 x 10 4 

.0117 

.9 

27 

2.93 

62.2 

1.03 x 10 4 

.009 

.38 

29 

3.07 

65.0 

1.0 x 10 4 

.0038 

.24 

31 

3.20 

67.9 

7.0 x 10® 

•0034 

.17 

33 

3.36 

71.2 

5.0 x 10® 

.0034 

.09 

35 

3.50 

74.2 

3.5 x 103 

.0026 

.05 

37 

3.64 

77.2 

2.5 x 10® 

.0020 

.03 

39 

3.79 

80.4 

1.7 x 10® 

.0017 

.01 

41 

3.93 

83.4 

1.03 x 10 3 

.0009 

.009 

43 

4.08 

86.7 

8 x 102 

.0010 

.003 

45 

4.22 

89.5 

6 x 102 

.0005 


Sum of Col. 6 « 4.88 % life used in 10® gusts 


Life * 20.6 x 10 6 gusts 

* 4.72 x 10® miles (See equation 11) 


= 21400 hours at 220 m.p.h* 
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TABLE 4 

\ ”” 

o> 

' Life Data on Lap Joint Using One Row of 5/8* - 17ST Hot Driven Rivets 

-3 Spaced 1-7/8* in l/4* - 17ST Sheet, See Figures 6, 8, and 14 for Data 

on Fatigue Strength, Computed for Gust Class Interval of 4,5 Ft,/Seo, 


1 

2 

3 

4 

5 

6 

Frequency of 

Mean 

Load 

Max, 


% 

Occurrence In 

U ®/ 

Factor, 

Load in 

Cvof.s 

of 

1,000,000 Gusts 

Fts/SsOf 

a 

$ of Ult. 

Life 

435.000 

2.25 

1.161 

24.6 

2 x 107 

2.19 

64,000 

6.75 

1,484 

31,5 

1 x 10 6 

5.40 

5,000 

11.25 

1,805 

38,4 

4 x 10 6 

1,25 

500 

15.75 

2,125 

45.2 

1.5 x 10 6 

.332 

50 

20,25 

2.45 

52.0 

6 x 10 4 

,083 

5 

24.75 

2.77 

58.8 

3 x 10 4 

,016 

1 

29.25 

3.09 

65.5 

1.5 x 10 3 

,0066 

.3 

33.75 

3.41 

72.4 

6 x 10 3 

.0050 

.1 

38.25 

3.74 

79.5 

3 x 10 3 

.0033 

•03 

42,75 

4.06 

86.2 

1.4 x 103 

.0020 


Sum of Col, 6 = 9.29$ life used in 10® gusts 


Life = x 10 6 - 10.8 x 10$ gusts 
9.29 6 

= 2,47 x 10® miles (See equation 11) 
* 11250 hours at 220 m.p.h. 
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mBLE 5 

The Effect of Minor Gusts on the Life of a Lap Joint Using One Row of 
AN426AD-5 Rivets in .040" - 24ST Alclad Sheet. See Table 1 For Computa- 
tion on Major Gusts. See Text for Method of Computation. 



2 

U© Sum 
of Major 
+ Minor 
Gust 

3 

Load 

Factor, 

n 

4 

Max. 
Load 
% of 
Ult. 

5 

Mean 
of Minor 
Gusts in % 
of Ult. 

H 

■ 

1,740,000 

3.25 

1.232 

26.2 

24.6 

10 9 

.174 

216,000 

7.75 

1.555 

33.0 

31.5 

10 9 

.021 

20,000 

12.25 

1.875 

39.8 

38.4 

10 9 

.002 

2,000 

16.75 

2.200 

46.7 

45.2 

10 9 

.0002 

200 

21*25 

2.520 

53.5 

52.0 

10 9 

negligible 

20 

25.75 

2.830 

60.0 

58.8 

10 9 

m 

4 

30.25 

3.16 

67.0 

65.5 

10 9 

m 

1.2 

34.75 

3.48 

73.8 

72.4 

10 9 

m 

•4 

39.25 

3.81 

80.6 

79.6 

| 

10 9 

m 

•12 

43.75 

1 

4.13 

87.2 

86.2 

10 9 

m 


Sum of Col. 7 = .198$ 

Contribution of minor gusts to lifetime 
using figure of 18.3 x 10® gusts as total 


lifetime (Table 2) contribution of minor 
gusts in 3.6$ of total life* 
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TABLE 6 


Life Data on Lap Joint Using Two Rows of AN426AD-5 Rivets in .040 - 24ST 
Alclad Sheet. Static Ultimate Strength as Measured « 725 Lbs. /Rivet. 

See Figures 9 and 14 For Data on Faitgue Strength. Computed for Class 
Interval of 4.5 Ft./Sec. See Text for Method of Computation. 


1 

2 

3 

4 

5 

6 

Frequency of 

Mean 

Load 

Max. 


% 

Occurrence In 


Factor, 

Load. 

N , 

of 

1,000,000 Gusts 

Ft*/Seo# 

n 

% of Ult. 

Cycles 

Life 

435,000 

2.25 

1.161 

24.6 

10® 

.435 

54,000 

6.75 

1.484 

31.5 

2.3 x 10 5 

23.40 

5,000 

11.25 

1.805 

38.4 

7.5 x 10 4 

6.67 

500 

15.75 

2.125 

45.2 

3.8 x 10 4 

1.32 

50 

20.25 

2.45 

52.0 

2.3 x 10 4 

.22 

5 

24.75 

2.77 

58.8 

1.3 x 10 4 

.038 

1 

29.25 

3.09 

65.5 

8 x 10 3 

.0125 

.5 

33.75 

3.41 

72.4 

4.8 x 10 3 

.006 

.1 

38.25 

3.74 

79.5 

2.9 x 10 3 

.003 

•03 

i 

42.75 

4.06 

86.2 

1.7 x 10 3 

.0017 


Sum of Col* 6 * 

32.1/? life used in 10® 

gusts 



Life ■ 

x 10® - 3.11 x 10® gusts 



■ 

.71 x 10® miles (See equation 11) 



U 

3240 hours at 220 m.p. 

h. 
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TABLE 7 

Life Data on Lap Joint Using One Row of Spot Welds Spaced 3/4” in *040- 
24ST Alclad Sheet* Static Ultimate Strength = 595 Lbs*/Spot* See 
Figures 10 and 14 for Fatigue Strength* Computed for Gust Class Interval 
of 4*5 Ft./Seo, See Text for Method of Computation, 


1 

2 

3 

4 

5 

6 

Frequency of 

Mean 

Load. 

Max. 


% 

Occurrence In 


Faotor, 

Load* 


of 

1,000,000 Gusts 

Ft*/Seo# 

n 

% of Ult. 


Life 

435,000 

2*25 

1.161 

24.6 

10 8 

.435 

54,000 

6*75 

1.484 

31.5 

4.5 x 10 6 

12.00 

5,000 

11*25 

1.805 

38.4 

5 x 10 4 

10.00 

500 

15.76 

2.125 

45.2 

6 x 10 5 

8,35 

50 

20.25 

2.45 

52.0 

1 x 10 3 

5.00 

6 

24.75 

2.77 

58.8 

2.7 x 10 2 

1.85 

1 

29.25 

3.09 

65.5 

1.0 x 10 2 

1,00 

•5 

33.75 

3.41 

72.4 

6.8 x 10 1 

.52 

•1 

38.25 

3.74 

79.6 

2.1 x 10 1 

•48 

•03 

42.75 

4.06 

86,2 

6*0 

• 50 


Sum of Col, 6 = 40,13$ life used in 10 gusts 


Life x 10 6 = 2.49 x 10 6 gusts 

* *57 x 10 6 miles (See equation 11) 
s 2590 hours at 220 m.p.h. 


i 

i 

•s 
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TABLE 8 


Life Data on Lap Joint Using One Row of Spot Welds Spaced 3/4* in ,040 - 
24ST Alclad Sheet See Figures 10 and 14 for Fatigue Strength Data, 
Computed for Gust Class Interval of 2 Ft./seo. See Table 7 for Computa- 
tion on Basis of 4,5 Ft./Sec, See Text for Methods of Computation, 


1 

2 

3 

4 

5 

6 

Frequency of 


Load 

Max* 


% 

Occurrence In 


Factor, 

Load in 

N 

of 

1,000,000 Gusts 

Ft./Seo, 

n 

% of Ult. 

Cycles 

Life 

295,000 

1 

1.071 

22,8 

— 

.295 

125,000 

3 

1.214 

25.8 

nr 

1.25 

50,000 

5 

1.358 

28.8 

1.6 x 10® 

3.34 

21,000 

7 

1.500 

31.8 

4 x 10® 

5.25 

5,820 

9 

1.642 

34.8 

1.5 x 10® 

3.88 

2,100 

11 

1.785 

37.8 

6 x 10 4 

3.50 

690 

13 

1.930 

40.9 

2.6 x 10 4 

2.76 

270 

15 

2.07 

44.0 

1.0 x 10 4 

2.70 

88 

17 

2.21 

46.8 

4.5 x 10® 

1.95 

32 

19 

2.36 

50.0 

1.7 x 10® 

1.89 

11*7 

21 

2.50 

53.0 

8 x 102 

1*46 

4.3 

23 

2.64 

56.0 

4.5 x lO^ 

.95 

2,1 

25 

2.79 

59.2 

2.5 x 102 

.84 

.9 

27 

2.93 

62.2 

1.03 x 102 

.87 

,38 

29 

3.07 

65.0 

1.0 x 102 

,38 

.24 

31 

3.20 

67.9 

5 x 10 1 

.48 

.17 

33 

3.36 

71.2 

2.5 x 10l 

.68 

,09 

35 

3.50 

74.2 

1.05 x 10 1 

.90 

,05 

37 

3.64 

77.2 

9 

.55 

.03 

39 

3.79 

80.4 

6 

.50 

.01 

41 

3.93 

83.4 

4 

.25 

.009 

43 

4.08 

86.7 

2.5 

.36 

.003 

45 

4.22 

89.5 

2.0 

.15 


Sum of 

Col. 6 - 

35.09# life used in 10® gusts 



Life - 1°0 x 10® 
$57ff9 

- 2.85 x 10® 

gusts 



m 

.65 x 10® miles (See equation 11; 



m 

2960 hours at 220 nup.h* 
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TABLE 9 

Life Data on Lap Joint Using Two Rows of Spot Welds in .040 - 24ST 
Alclad Sheet. Spots Spaced 3/4" in Rows, Rows Spaced l/2". Spots Staggered 
Static Ultimate Strength ■ 550 Lbs./Spot. See Figures 11 and 14 for 
Fatigue Data. Computation for Gust Class Interval of 4.5 Ft./Sec* See 
Text for Method of Computation. 


1 

2 

3 

4 

5 

6 

Frequency of 

Mean 

Load 

Max. 


% 

Occurrence In 

U e , 

Ft./Sec. 

Factor, 

Load, 

N, 

of 

1,000,000 Gusts 

n 

% of Ult. 

Cycles 

Life 

435,000 

2.25 

1.161 

24.6 

10 8 

.435 

54,000 

6.75 

1.484 

31,5 

2.5 x 10 5 

21.60 

5,000 

11.25 

1.805 

38.4 

2.7 x 10 4 

18*50 

500 

15.75 

2.125 

45.2 

6.5 k 10 3 

7.70 

50 

20.25 

2.45 

52.0 

1.7 xxlO 3 

2.92 

5 

24.75 

2.77 

58.8 

5.2 x 10 3 

.96 

1 

29.25 

3.09 

65.5 

1.7 x 10 2 

.59 

.3 

33.75 

3.41 

72,4 

6 x 10 1 

.50 

.1 

38.25 

3.74 

79.5 

2 x 10 1 

• 

cn 

o 

.03 

42.75 

4.06 

86.2 

6.5 

.46 


Sum of Col. 6 ■ 53.98$ of life in 10® gusts 



Life « i2£ x 10 6 - 

1.85 x 10® gusts 



* .423 x 10® miles (See equation 11) 



» 1920 hours at 220 m.p.h. 
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TABLE 10 


The Effect of Minor Gusts on the Life of a Lap Joint Using Tiro Hows of 
Spot Helds in *040 «• 24ST Alclad Sheet* See Table 9 for Computation on 
Major Gusts, See Text for Method of Computation, 


1 

Frequency of 
Minor Gusts in 
Each 1,000,000 
Major Gust 

2 

% 

Sum of 
Major and 
-Minor Gusts $ 
Ft./Sec, 

3 

Load 

Factor, 

n 

4 

Max. 
Load, 
# of' 
Ult. 

5 

Mean 
of Minor 
Gusts 
in # 
of Ult, 

6 

N > 

Cycles 

7 

# of 
Life 

1,740,000 

3.25 

1.232 

26.2 

24.6 

3 x 10 5 

.58 

216,000 

7.75 

1.555 

33.0 

31.5 

8 x 10 8 

.028 

20,000 

12.25 

1.875 

39.8 

38.4 

9 x 10 8 

.0022 

2,000 

16.75 

2.20 

46.7 

45.2 

10 8 

.0020 

200 

21.25 

2.52 

53.5 

52.0 

10 8 

negligible 

20 

25.75 

2.83 

60.0 

58.8 

10 8 

ft 

4 

30.25 

3.16 

67.0 

65.5 

10 8 

f« 

1,2 

34.75 

3.48 

73.8 

72.4 

10 8 

91 

.4 

39.25 

3.81 

80.6 

79.5 

10 8 

ft 

.12 

43.75 

4.13 

87.2 

86.2 

10 8 

ft 


Sum of Col 

. 7 - .61# 





Contribution of minor gusts to lifetime 



using 1.65 

x 10 8 gusts as 

total lifetime 



(See Table 9) contribution of minor gusts 



is 1.13# of total life. 
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TABLE 11 ^ 


Life Data on Lap Joint Using Three Bows of Spot Welds in *040 - 2 AST 
Alclad Sheet* Spots Spaced 3/4* in Rows* Bows Spaoed l/2 M , Spots 
Staggered in Adjacent Bowb. Static Ultimate Strength ■ 493 Lbs*/Spot* 
See Figures 12 and 14 for- Fatigue Strength Data* See Text for Method of 
Computation.* 


equency of 
Occurrence in 
1,000,000 Gusts 



11.25 


15,75 


20.25 


24.75 
29*25 

33.75 


38.25 


42.75 


Load 

Factor, 


1.161 

1.484 


1*805 


2.125 



Sum of Col* 6 - 35,61$ of life in 10** gusts 

Llfe = 357 El x 1£>6 = 2 * 8 x 106 gU8tB 

= .64 x 10® miles (See equation 11) 


- 2920 hours at 220 m.p.h* 


Ik- 
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TABLE 12 


Life Data on .040" - 24ST Alclad Sheet. Static Ultimate Strength = 
67,000 p.s.i. See Figures 13 and 14 for Data on Fatigue Strength Conn 
putation for Gust Class Interval of 4.6 Ft./Sec. See Text for Methods 
of Computation* 


Frequency of 
Occurrence in 
1,000,000 Gusts 


435,000 

54,000 

5,000 



3 

Load 

Factor, 

n 


.2.26 1.161 


11.25 


24.75 


29.25 


33.75 


38.25 


42.75 


1.484 

1.805 


15.75 2.125 


20.25 




1.6 x 10 4 


.0043 


7 x 10 1U 
3 x 10 8 
1.5 x 10 6 
2.8 x 10 5 

1.1 x 10 5 

6.2 x 10 4 


4.0 x 10 4 .0025 

2.5 x 10 4 .0012 


.0006 


1.05 x 10 4 .00028 


Sum of ^ol. 6 = ,59% of life in 10® gusts 

Life = x 10® miles = 170 x 10® gusts 
= 38.9 x 10® miles (See equation 11) 


* 177,000 hours at 220 m.p*h. 
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Figs. 1,2 
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Figs. 3a, b, 4 



FIGURE 3b - SCHEMATIC TYPE OF GUST VELOCITY - TIME RECORD 

WHERE "UP "AND "DOWN" GUSTS ARE GROUPED AROUND 
A MEAN LOAD OF lg THIS TYPE OF RECORD IS USED FOR 
ILLUSTRATION IN THIS REPORT 



FIGURE 4.- SCHEMATIC ILLUSTRATION OF CASE WHERE MINOR GUSTS 
ALL OCCUR AT MAXIMUM OF MAJOR GUSTS THIS TYPE OF 
RECORD IS USED FOR DISCUSSION OF THE EFFECT OF MINOR 
GUSTS 




MAX LOAD IN % OF ULT STATIC STRENGTH MAX LOAD IN % OF ULT STATIC STRENGTH 
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CYCLES TO FAILURE 

FIGURE 5.- S-N CURVES AT CONSTANT STRESS RATIO FOR RIVETEO JOINTS IN 0.040 INCH 24S'T 

SHEET. ONE ROW OF AN 426 A0*5, 100* COUNTERSUNK DIAM. RIVETS SPACED APART. 

DATA FROM NACA ARR N0 4F0l,p.38. ULT. STATIC STRENGTH =693 LBS / RIVET (6 RIVETS 
IN 4i" WIDTH) 



0 s 10 6 
CYCLES TO FAILURE 

FIGURE 6.- S-N CURVES AT CONSTANT STRESS RATIO FOR RIVETED JOINT IN t I7S-T PLATF 
ONE ROW (4 RIVETS) OF HOT DRIVEN I7S-T RIVETS. SPACED l£ . DATA FROM UN 
PUBLISHED RFPORT FROM LABORATORIES OF ALUMINUM CO OF AMERICA 
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Figs. 13,14 


v 


i 


V 



MEAN LOAD IN X Of STATIC ULT. 


FIGURE I3r CONSTANT LIFE CURVES FOR 24S'T ALCLAO 
SHEET 0.040" THICK. DATA FRCM NACA ARR 
4E30p. 12 (DATA ON R=*. 50 NOT PREVIOUSLY 


PUBLISHED) ULT STATIC STRENGTH =67,000 psi 



FIGURE 14.' S' N CURVES AT A CONSTANT MEAN LOAD OF 2L2 V. OF THE ULTIMATE STATIC STRENGTH OF VARIOUS 
LAP JOINTS 





